In order to study the occurrence and metabolism of the bile acids, it is necessary to have methods of identifying the constituents of a mixture. Mixtures of bile acids are difficult to handle by classical techniques, which depend on the formation of characteristic crystalline derivatives. Frequently, even relatively pure compounds are not easy to crystallize, and large amounts of material are necessary if minor constituents are to be identified. As pointed out by Haslewood & Wootton (1950) , much previous work is not based on acceptable experimental evidence.
In recent studies of steroid hormones and their metabolites, considerable use has been made of chromatographic separation combined with infrared spectrometry (Dobriner, Lieberman & Rhoads, 1948a; Dobriner et al. 1948b; Lieberman & Dobriner, 1948; Jones & Dobriner, 1949) . In combination, these techniques have provided a powerful method for separating and identifying the individual non-acidic steroids of complex mixture. It therefore seemed probable that a similar method could be applied to the bile acids. A successful procedure is described here. Initial trials with pure substances showed that the methyl esters of the common bile acids are separable on silica gel. These esters are soluble enough to enable their specific infrared spectra to be recorded in carbon disulphide solution. EXPERIMENTAL Solvents. All solvents except ether were of 'C.P.' quality and were redistilled before use. Absolute ether was passed through a column of A12O3. Care was taken to use the purest solvents available, otherwise traces of unknown impurities tended to obscure parts of the spectrum. For this reason, a mixture of equal parts of pentane and hexane ('P.H.') (American Mineral Spirits Co., New York) was used as a solvent, with properties similar to those of light petroleum. Proportions of all solvent mixtures are v/v.
Chromatography. Columns of dry silica gel were used (Dobriner, personal communication) . A column was prepared by filling a suitable tube with P.H. The appropriate quantity (usually 200 times the weight of the esters) of silica gel (grade 923, through 200, Davison Chemical Corporation, Baltimore) was then added in a fine stream and the solvent allowed to flow until a compact column was formed. The esters were applied as a solution in a solvent ofrelatively low polarity (e.g. P.H., 90: ether, 10), and development proceeded with solvent mixtures of increasing polarity. In a typical chromatograph, the solvent mixtures were: (1) P.H., 99: ether, 1 to dissolve the esters. (2) Mixtures of P.H. with ether containing 5, 10, 15, 20, 30, 40, 60 and 80% ether. Amounts of 100-250 ml. of each solvent mixture were applied, the eluate being collected in 50 ml. fractions at a rate of 2-3 drops/sec. If necessary, N2 under pressure was admitted to the solvent reservoirs to maintain this rate of flow. Each fraction was taken to dryness at once and, if eluted material was present, the same solvent mixture was continued until no significant residue was found. The next, solvent mixture was then applied.
Infrared spectrometry. The residues from all the individual fractions were dissolved in CS2 and examined in the spectrometer. The instrument used was a Perkin-Elmer model 12, fitted with a sodium chloride prism and a 3 mm. cell of capacity 0 03 ml. (Colthup & Williams, 1947; Hardy, Wilson & Dobriner, 1949 solution. The spectra cover the region of the molecular 'finger-print'.
The spectra were regularly recorded over the frequency range between 1180 and 875 cm.-'. In this 'finger-print' region, all the many steroids so far examined show marked individuality (Jones & Dobriner, 1949) , including the bile acids (Fig. 1) Second chromatogram. The material in fractions 56-70 was acetylated at room temperature with 0.1 ml. acetic anhydride and 0-1 ml. pyridine. The product was dissolved in 100 ml. P.H.-ether (95:5) and chromatographed on a column 28 cm. high, 0-7 diameter, containing 8 g. silica gel. Development was carried out with P.H.-ether (85:15), the eluate being collected in 50 ml. fractions. Pure methyl diacetyldeoxycholate was found by infrared spectrometry in fractions 9-22. The combined material crystallized from aqueous ethanol as long needles, m.p. 116-117°.
Fractions 23-30 were combined and weighed 1-5 mg. From its spectrum it was evident that this material concluded that the latter contained 0-6 mg. methyl diacetylchenodeoxycholate and 0 9 mg. methyl diacetyldeoxycholate.
DISCUSSION
Chromatography has often been found useful for separating mixtures of steroids (for references see Reichstein & Shoppee, 1947) . As a method of identifying the separated bile acid esters, infrared spectrometry possesses considerable advantages. Experience with the spectra of steroids has shown that their specificity is beyond question (Jones & (Fig. 2) . It was con- ). In the work described here, crystalline esters were obtained when possible, but the primary identification was made by examining the spectra, and the mixed melting points were regarded as only confirmatory. Thus a compound like chenodeoxycholic acid, whose derivatives are difficult to crystallize, can be identified as easily as cholic acid. The amount of material required is well illustrated by the results of the second chromatogram, in which less than 1 mg. of methyl diacetylchenodeQxycholate was found, from the total 250 mg. of mixed esters. No bile acids were encountered other than the four known to be present in ox bile. The keto acids described by Wieland & Kishi (1933) and Haslewood (1946) were not encountered; in view of the minute amounts which these authors isolated, this result was not surprising.
When analysing urinary steroids, Dobriner et al. (1948) 2. The results obtained by applying this method to an ox bile-salt preparation are described. Methyl lithocholate (methyl 3-hydroxycholanate) (1.8 mg.), methyl deoxycholate (methyl 3:12-dihydroxycholanate) (38 mg.), methyl chenodeoxycholate (methyl 3:7-dihydroxycholanate) (0-6 mg.) and methyl cholate (methyl 3:7:12-trihydroxycholanate) (181 mg.) were recovered from 250 mg. of crude mixed esters.
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